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1 Descr ip t ion  

The P a s t  Backleg Winding Supply (PBLW Supply) is used t o  gene ra t e  

a cu r ren t  pu lse  i n  windings on t h e  backlegs of s e l e c t e d  main r i n g  magnets 

of t h e  AGS thus  d e f l e c t i n g  t h e  h igh  energy proton beam toward the  magnets 

used f o r  the f a s t  e j e c t i o n  of the beam from t h e  AGS r i n g .  

Each FBLW Supply c o n s i s t s  of two cabinet 's;  a cons tan t  cu r ren t  supply 

and a capac i tor -swi tch  cub ic l e .  The cons tan t  c u r r e n t  supply cab ine t  houses 

t h e  components of a resonant  c i r c u i t  which t ransforms t h e  460 V,  3cp, 60 Hz 
vo l t age  source  t o  an  ac cu r ren t  source s imilar  t o  t h a t  of t h e  RBD Suppl ies .  

Also included are t h e  power t ransformer ,  t h e  r ec t i f i e r  h e a t  s i n k  as w e l l  

as t h e  c o n t r o l  panel  assembly and t h e  c o n t r o l  e l e c t r o n i c s  bucket.  The 

cons tan t  cu r ren t  developed i n  t h i s  cub ic l e  is used t o  charge t h e  capac i to r  

bank i n  t h e  capac i tor -swi tch  cub ic l e .  I n  a d d i t i o n  t o  t h e  two s e c t i o n  

c a p a c i t o r  bank, t h e  capac i tor -swi tch  cub ic l e  conta ins  t h e  SCR load swi tch  

heat s i n k s ,  t h e  recovery  inductor  and o the r  a s s o c i a t e d  components. 

0 

The l o c a t i o n  of each of t h e  FBLW s u p p l i e s  is ind ica t ed  i n  Table 11. 

In  each case, t h e  load c u r r e n t  pu l se  is  rou ted  through t h e  backleg; winding 

cables -v ia  a t e rmina l  board i n  t h e  house w i t h  a vae iab le  l i n e  arrangement 

and two f e e d  terminai boards i n  t h e  ring-. 

_ -  - _ _  - . _ _  _ _  - ___ 

- _ -  

2. S p e c i f i c a t i o n s  

Beam Def l ec t ion  Angle (nom, 1050 A) 

fe %A Beam Displacement (nom, 1050 A) 
_ -  - - -  

Change- -in FBLW Magnet -Bend -( lo50 A, nom) 

-Beam- Displacement -(max, _ _  1500 A) 

*Seak FBLW curr.int <nom> 

Peak FBLW c u r r e n t  (max) 
- .. _ _  

3.1 mrad 

1.8 i n .  

62 kG-in. - 

2.5 i n .  

1050 A . . . 

1 5 0 0  A (2BLW):; 1100 A (4BLW) 

. _. --- 

- -  

. -  - -  
Peak FBLW c u r r e n t  . (min) 250 A (2BLW); 110 A (4BLW,%C) 
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fc No. of t u r n s  per  magnet 

ft FBLW Magnet Locat ion 

A10 Bump 

E10 Bump 

H10 Bump 

I10  Bump 

FBLW Impedance (nom, 28 GeV, 4 BLW) 

FBLW Impedance (2 BLW; E2, E3) 

Half Per iod ( C = 1 1 , 5  mf) 

To ta l  Bank Capacitance (nom) 

Capaci tor  Voltage (max) 

:'c Pulses  pe r  Magnet Cycle (max) 

Pu l se  t o  pu l se  amplitude v a r i a t i o n  (rnax) 

9: I n t e r v a l  between Pulse  I n i t i a t i o n  (min) 

Cap Voltage Droop (C=11.5  m f )  

Constant Current  Supply Output (nom) 

Input  Power; 460 V, 3cp 

Charging (C t o  500 V over 55 msec, av.) 

Standby (On, n o t  charging,  nom) 

Input  Line Current:  460 V ,  3cp, 60 Hz, 

(Standby, av.) 

5(90" magnet) ; 6 (75" magnet) 

A4, A5; A 1 8 ,  A 1 9  

E2, E3; E16, E17 

H2, H3; H16, H17 

12 ,  13; 116, I17 

L = 1.55 mhy; ESR = O.llL-2 

L = .75 mhy; ESR = 0.12Q 

10 msec (2 BLW); 1 4  msec (4 BLW) 

11,500 uf 

500 V 

4 

fO. 5% 

100 msec 

1.5 %lmin 

50 A 

21.5 kW 

1.63 kW 

3.6 A 

I n i t i a l  Requirements 

3. C i r c u i t  Operat ion 

3.1 Constant Current  Supplx 

To develop t h e  cons tan t  c u r r e n t  r equ i r ed  t o  charge t h e  capac i to r  bank, 

the 460 V ,  3cp l ine  v o l t a g e  i s  app l i ed  t o  a c i r c u i t  composed of t h r e e  capac i to r s  

and t h r e e  induc to r s  which are resonant  a t  t h e  60 Hz l i n e  frequency. The 

pr imar ies  of t h e  power t ransformer are connected ac ross  t h i s  network. (See 

F a s t  Backleg Winding Supply Schematic, Dll-E268.) The c i r c u i t  causes  

a v e r y  n e a r l y  cons tan t  a c  cu r ren t  i n  t h e  t ransformer primary, independent of 

load?  impedance, but: t h e  inpu t  l i n e  cu r ren t  - - i s  proportional-to l o a d  impedance. 
- ._ -. - ___-  

- _ _  - - - c_ ____-- 
The output  from t h e  d e l t a  connected-second-ary i s  r e c t i f i e d  i n  a f u l l  __  wave . -  %ridge. 

- - - - _  - _ _  _ _  ~ ~- _ -  ______ _ _  - __ - 
TJhus, when t h e  r e c t i f i e r  ou tput  -is shor t ed ,  :he i n p u t  l i n e  cu r ren t  is-small and._- 
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primarily the r e s u l t  of losses  and minor mistuning of the resonant c i r cu i t .  

When charging the capacitor bank, the output voltage r i s e s  l i nea r ly  with 

t i m e  while the current remains nearly constant. This voltage and current 

a r e  re f lec ted  i n  the transformer primary as  an increasing res i s tance  resu l t ing  

i n  increased l i n e  current.  
- -  

When the stgp-charge - SCR-'clamps . .  the-cur ren t  supply output a t  a ?ow voltage,  - 

the  voltage and current phase relat ionships  i n  the resonant network a r e  

such tha t  the voltage across each of the capacitors and inductors is  within 

5% of the l i n e  voltage. The voltage across each of the transformer primaries 

is  then 13 - 20 Vac. This condition can be thought of a s  the r e s u l t  of a 

v i r t u a l  connection of a pa ra l l e l  resonant LC pa i r  across each input phase 

with minimum l i n e  current being drawn. 

3.2 Charge - Discharge Circui t ry  (See Figure 1, and Dll-E270, Control Electronics) 

When the contactor is  closed, the r i s i n g  current supply output voltage 

is  dropped across the charging SCR, Q2,causing gate current through CR8 t o  

t r igger  Q2 on, thus beginning the charging of C 1 ,  

voltage i s  reached, the stop-charge SCR, Q 1 ,  is triggered ha l t ing  conduction 

through Q Z  and shunting the  current supply output through L1, thus ending 

the  charging process. 

When the required capacitor 

When the load switch, 43,  i s  tr iggered on, C 1  discharges in to  the backleg 

The load current,  iL, flowing through the diode, D,  back biases winding load. 

the gate of Q2 s o  tha t  Q2 is  not gated on u n t i l  load current flow ends, even 

thougLlthe negative capacitor voltage forward biases 42, A t  the  end of the 

load current pulse, 43 i s  turned o f f ,  and the negative capacitor voltage then 

causes 42 t o  conduct. 

it t o  cease conduction. Recovery current then flows from C 1  through the CR7, 

L1, Q2 loop, changing the  polar i ty  of v 

s t o r e d  i n  C 1  a t  the end of the load current pulse. 

This reverse biases the s top  charge SCR, Q 1 ,  causing 

and recovering most of the energy C 

The current source output voltage,  which is  ef fec t ive ly  shorted on i t s e l f  

during recovery, then rises t o  recharge C l  t o  the voltage required fo r  the 

next load current pulse. When t h i s  voltage is reached, Q 1  i s  again tr iggered 

and charging of C l  ceases. 

The discharge t r igge r  i s  transformer coupled t o  the gate  of an SCR, 

437, generating a 0.5 A, 60 usec current pulse i n  the gate of 4 3 ,  the  load 

switch. The gate of 437 i s  clamped t o  a l o w  l eve l  by K 2 1  i f  the contactor 

is  not closed. It is  a l s o  held l o w  by log ic  c i r c u i t r y  if the capacitor 
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bank i s  no t  f u l l y  charged o r  i f  t h e  con tac to r  of a mating supply is  

no t  c losed ,  thus  i n h i b i t i n g  t h e  t r i g g e r .  

3.3 Reference Control ;  S top  Charge Loop (See Dll-EZ70, Control  E lec t ron ic s  

and Dll-E271 Control  Panel ,  FBLW Supply) 

A. Reference Voltage Generation 

When t h e  system i s  operated from the  main c o n t r o l  room, the  r e fe rence  

generated by t h e  DATACOM D/A conver te r  i s  routed  t o  t h e  INT/REM REF c o n t r o l ,  

S9, which should be i n  REM. 

R E G U T O R  card of t h e  e l e c t r o n i c s  bucket .  A l t e r n a t e l y ,  an i n t e r n a l  r e fe rence  

generated on t h e  REGTJUTOR card and routed  t o  t h e  INT/REM REF c o n t r o l  v i a  

t h e  r e fe rence  level c o n t r o l ,  R19, w i l l  be app l i ed  t o  A31 i f  t h e  con t ro l  i s  

i n  t h e  INT p o s i t i o n .  

COUPBED swi t ch  (S11) on t h e  bucket assembly which i s  normally l e f t  i n  t he  

SINGEE p o s i t i o n .  

The output  of S 9  goes t o  b u f f e r ,  A31, on t h e  

The output  of t h e  b u f f e r  A31 is  routed  t o  t h e  SINGLE/ 

B. Dual System Reference 

When two FBLW Power Suppl ies  are used t o  genera te  an  o r b i t  bump i t  is  

p o s s i b l e  t o  use t h e  A 3 1  r e fe rence  output  of one supply t o  c o n t r o l  t he  level 

of bo th  supp l i e s  and t h e  r e fe rence  output  of t h e  o the r  supply t o  con t ro l  t he  

balance between t h e  two. 

i n t o  517 of e i t h e r  system which i s  then  r e f e r r e d  t o  as theMASTER supply.  

Coax cables  are connected from G9 (ou t ,  M) on t h e  e l e c t r o n i c s  bucket of t h e  

MASTER t o  67 of t h e  mating supply,  and from G10 ( i n ,  M) of theMASTER t o  

A Dual System Reference I n t e r f a c e  card i s  plugged 

68 of t h e  mating supply.  See Dll-E276-3, In te rconnec t ion  diagram. The 

S3NGliE/COUiPllED’ c o n t r o l s  of bo th  systems are switched t o  COUPQED’. 

ou tput  of t h e  two systems are then  combined i n  t h e  m u l t i p l i e r  and ope ra t iona l  

a m p l i f i e r s  of t h e  Reference I n t e r f a c e  card such t h a t  t h e  A 3 1  v o l t a g e  of t h e  

MASTER supply w i l l  va ry  t h e  balance between t h e  two systems by up t o  2 25% 

and the A 3 1  vo l t age  from t h e  mating supply w i l l  determine t h e  average ampli-  

tude of t h e  two systems. S p e c i f i c  examples are  given i n  t h e  t a b l e  below. 

The A31 

A 3 1  Reference Output 

Master Mate 
Vd c 
5.0 

Vd c 
8.0 
- 

0 8.0 
10.0 8.0 
10.0 4.0 
5.0 4.0 

Cap Bank Voltage 

Master Mate 
Vd c Vd c 
400 400 
500 300 
300 500 
150 250 
200 200 

(Table I) 
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However, i f  t h i s  cross coupling made of control is  not desired,  S11  must 

be l e f t  i n  the SINGLE posi t ion even i f  two supplies a re  used t o  generate 

an o r b i t  bump. 

C. Reference Control of Stop Charge 

The s igna l  from S11 is  applied t o  a follower, A33, developing the 

reference for  the comparator, A35. The capacitor voltage is  sensed by 

a 1 O O : l  divider and--applied toltanother follower, A32, furnishing the other 

input t o  the comparator. The output of e i the r  of these followers can be 

monitored on the CAE VOaTS/REF meter of the control panel. 

the  reference follower output is zero, a diode-resistor network w i l l  supply 

a comparator input such t h a t  the capacitor bank w i l l  be charged t o  the 70 V 

minimum required fo r  normal recycling of the capacitor voltage. 

The r i s i n g  capacitor voltage causes the  generation of a posi t ive s t e p  

In the event t ha t  

a t  the col lector  of 442 when the capacitor voltage output of A32 reaches 

the  reference leve l .  The d i f fe ren t ia ted  s t e p  forms the t r igger  fo r  438 

which generates the t r igger  f o r  the s top  charge SCR, 41. The s top  charge 

t r igge r  c i r c u i t ,  l i k e  the discharge t r igger ,  437, u t i l i z e s  the damped 

osc i l l a t ion  of the transformer primary inductance, a charged 10 uf capacitor 

and the load t o  generate a 0.5 A, 60 usec current pulse in to  the SCR gate.  

3.4 Control Circui t ry  (See Dll-E271-4, Control Panel and Dll-E269-5, Signal 

Flow Diagram) 

A. Turn-On Controls 

The FBLW supply controls require  a 24 Vdc source usually supplied from 

and fused a t ,  the applicable DATACOM cabinet as  w e l l  as  115 Vac, lcp power 

from a breaker box i n  the house which i s  fused a t  the control panel assembly. 

Also, the applicable 460 V ,  3cp fused disconnect wal l  switch must  be on i n  

order t o  charge the capacitor bank. 

When the LOCAL/rnOTE (L/R) switch, S8, on the control panel is  i n  the 

REMOTE posit ion,  the OEE, STBY/RESET, and ELV on switches on the panel a r e  

disabled. (However, i n  an emergency, a re turn  t o  LOCAL w i l l  turn the supply 

off.)  

control.  A STANDBY command from the DATACOM system w i l l  f i r s t  energize 

K24 then K25 which control IC5 then K6 respectively.  

switched by K5 energizes the heat s ink fan motors and the -15 v supply and 

K7 (Security) picks up. I f  there a re  no f a u l t s  or  trips,K17 w i l l  energize, 

The supply is  then operated v i a  DATACOM or a l t e rna te  hardwire remote 

The 115 Vac power 
4- 
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putt ing the supply i n  a READY s t a t e .  

K18, K 2  and K 1  i n  tha t  order. The normally closed contacts of K 2  then 

open the capacitor bank shunt and the contactor, R1, appl ies  460 Vac to the  

current supply. In  the event of a t r i p ,  a RESET command w i l l  cause K25 

to be deenergized for  0.1 sec deenergizing K6 and K17. I f  the f a u l t  has been 

cleared, the supply w i l l  r e turn  to a READY s t a t e  and w i l l  respond when an 

ON comand i s  present. An OFF command deenergizes K24, K26 and K25 thus 

turning OFF a l l  the control re lays .  

An ON command w i l l  then energize K26, 

When the LOCAL/REMOTE switch is  i n  LOCAL, the DATACOM commands a re  

disabled and the CONTROL PANEL switches a re  operable. Depressing the 

STANDBY/RESET switch (S6) w i l l  energize K5 and deenergize K6. 

rele,ased, K6 w i l l  energize and K 1 7  w i l l  pu l l  i n  i f  there  is  no f a u l t  or 

t r i p  condition, putt ing the supply i n  a READY s t a t e .  Momentary depressing 

of the HV ON switch (S7) w i l l  then energize K18, K2 and K l  a s  i n  REMOTE 

When S6 is 

operation. 

w i l l  deenergize K6 and K17 returning the supply to a READY s t a t e  i f  the f a u l t  

has been cleared. Depressing the OFF switch (S5) deenergizes K5 turning the 

In  the event of a t r i p  o r  a f a u l t ,  momentary depressing of S6 

supply of f .  

The supply can a l s o  be controlled by remote switches hard-wired i n  

p a r a l l e l  with S5, 6 and 7 v i a  53. The jumpers indicated on Dll-E271-4 must 

then be in s t a l l ed  and the LOCAL/REMOTE switch must be i n  REMOTE. 

B. Fault  Circui t ry  - K17 (READY) w i l l  be deenergized by any one of nine 

conditions which causes the  460 V contactor to open and discharges the capacitor 

bank. In  each case a RESET i s  required to re turn  to the ON s t a t e .  

(1) Security: I f  the secur i ty  connection between J3-R, U (TBC-3,4) 

i s  l o s t ,  K7 w i l l  drop out,  opening the inter lock s t r ing .  This secur i ty  

connection i s  l o s t  whenever there is  access to the  main magnet buss 

through secured gates.  

(2) Door: The door a t  the r ea r  of the current supply and the front  

and r ea r  doors of the CAP-Switch cubicle each a re  equipped with upper 

and lower cheatable inter lock switches which a re  open when the doors 

a r e  closed, and which a r e  w i r e d  i n  pa ra l l e l .  When any door i s  opened 

the inter lock switch closure w i l l  energize and l a t ch  K15, which opens 

the inter lock s t r ing .  
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(3) O'T-l,O.'T-3: Temperature controlled switches S2 and S3 a r e  mounted 

on the  heat sinks of Q 1 ,  the  s top  charge SCR, and 43, the  load switch, 

respectively.  I f  the heat sink temperature r i s e s  above the controlled 

point (S2, 80' f - 3OC; S3, 70' 

the path t o  K17.  S2 turns on K13; S3 energizes K 1 2 .  

3OC) a re lay  i s  latched in ,  again opening 

(4) O'V-S: In  the event of f a i l u r e  of the s top  charge loop, the constant 

current source output voltage w i l l  continue t o  r i s e  u n t i l  the zener voltage 

of the dc overvoltage c i r c u i t  (700 V nom) is exceeded. A t  t ha t  point the 

zener current turns on 44, an SCR which is i n  pa ra l l e l  with the s top  

charge SCR. This stops the  charging of the capacitor bank and energizes 

K10 which la tches  K11 ,  opening the inter lock s t r i n g  and giving an indi-  

cat ion of an overvoltage on the secondary s i d e  of the transformer (O'V-S). 

(5) O'v-p': 
the current sourcezoutput voltage'will  cont inue ' to - r i se  u n t i l  the  s t r ik ing  

voltage of the Surge Voltage Protectors (SVP) (1200 V nom) across the 

primaries of the transformer is  reached. 

dropping the primary voltage,  the current pulse i s  transformer coupled 

t o  the gate of an SCRwhich holds i n  K8. The contacts of K8 causes K17 

(READY) t o  deenergize and gives an indicat ion of an overvoltage a t  the 

transformer primary (O'V-P) . 

I f  nei ther  the stop-charge loop or  the O'V-S c i r c u i t  operates, 

When the SVP's breakover, 

( 6 )  0'1: 

fo r  a period exceeding 0.1 sec,  a thermal overload switch i n  the contactor 

w i l l  open, t r iggering the gate  of an SCR. 

the inter lock s t r ing .  

In  the event t ha t  input l i n e  current i n  any phase exceeds 27A 

- __ - - - . 
This w i l l  holdK14 on, opening 

(7) GND: The common of the  supply (COM) i s  connected t o  building 

ground (GDF) through a 0.5 A fuse and a pa ra l l e l  10 C2 r e s i s t o r .  I f  

large ground currents flow, causing the voltage between COM and GDF t o  

exceed - f 5V, an SCR i n  the  ground f a u l t  c i r c u i t  w i l l  be gated on causing 

K16 t o  la tch.  Contacts of K16 then deenergize K17. 

(8) RCVY: I f  a discharge t r igger  i s  received during the charge or 

recovery par t  of the charge-discharge cycle, i t  i s  possible fo r  the 

charging current t o  continue t o  flow i n  the BLW load d i s to r t ing  the 

main magnet f i e l d  and preventing proton accelerat ion.  In  tha t  case, the 

extended period of <he load-current  gate  i s  used t o  t r igger  an SCR which 

holds K9 on. 

- - - _ _ _ _  . - 

_ _  __ - -- - - -. . 

Contacts of K9 yhen - _  open, turning of f  K17 .  
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3.5 Power Supply Monitoring 

A. Status  Indicators  

A l l  of the above f a u l t s  are indicated on the CONTROL PANEL assembly. 

The O'V-P or  0'84 f a u l t  voltages,  v i a  diodes, w i l l  energize K23 which 

r e s u l t s - i n  REG FAULT indicat ion t o  the DATACOM system. 

any-one<-of-thecother-fault voltages v i a  diodes w i l l  energize K22 which r e s u l t s  

i n  an ELECT TRIP indicat ion t o  the DATACOM system. 

I n  the same manner 

The control switches (S5, 6, 7) are illuminated t o  ind ica te  the s t a t e  

of the system. K20, i n  p a r a l l e l  with the OFF lamps, gives an "off" indicat ion 

t o  the DATACOM system i f  the 24 Vdc and 115 Vac inputs a r e  supplied. 

i n  p a r a l l e l  with the IN ON lamps gives an ON indicat ion t o  the DATACOM system. 

This a c t u a l l y  indicates  closure of the 460 Vac contactor,  not the presence 

of the 3cp, 460 V input.  

K21, 

E. Load Current Monitoring 

The load current flaws through a 100 &/lo0 mV (1000A/V) shunt. The shunt 

voltage can be monitored v i a  uni ty  gain buffer  amplif iers  e i t h e r  a t  a t e s t  point 

on the CURRENT MONITOR card or v i a  a remote current monitor output. Also, the 

maximum current value is held by a peak detector  c i r c u i t  with a gain of 

2.5 X the current peak, which forms the input t o  the DATACOMA/D converter. 

The r e s u l t i n g  readback i s  scaled a t  .5A/COUNT 2 2% (2.0 COUNTS/AMP). 

C. Test Points 

Other test  points ava i lab le  on the cards of the CONTROL ELECTRONICS 

assembly are as follows: 

(1) 
SCR, a t  lOV/V;  Vo, current source output, a t  lOV/V. 

(2) 
voltage 

CURRENT MONITOR card - V,, the  voltage across Q 1 ,  the  s top  charge 

REGULATOR - vcy capacitor bank vol tage,  a t  lOOV/V; VR, reference 

(3) 
the  s top  charge SCR ga te  current ;  Q3T, aux output of the load switch 

ga te  dr ive c i r c u i t .  

TRIGGER - Q l T ,  an auxi l ia ry  output of the transformer which couples 

(4) 
bank is  charged; T? and 3 f ,  negative t r i g g e r s  t h a t  cause t r igger ing  of 

the MISFIRE counter. 

MISFIRE LOGIC - CGD, f l i p  f l o p  output t h a t  i s  high when the capacitor 
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D. Meter ing 

Three meters on t h e  CONTROL PANEL a r e  used t o  monitor t h e  supply.  

M 1  (O-50Aac) i s  switched by S13 t o  measure l i n e  cu r ren t  i n  any one of t h e  

t h r e e  460 Vac inpu t  l i n e s .  

t h e  460 Vac inpu t  phase vo l t ages  o r  t h e  inpu t  115 Vac. The 460 Vac is 

dropped by a f a c t o r  of 4 t o  be compatible w i t h  t h e  0-150 Vac movement. 

M3 (0-5 Vdc) i s  switched by S15 t o  monitor e i t h e r  t h e  r e fe rence  v o l t a g e  

o r  t h e  capac i to r  bank d i v i d e r  ou tput .  

0 
M2 i s  switched by S14 t o  i n d i c a t e  any one of 

E. M i s f i r e  Logic 

C i r c u i t r y  is  included i n  t h e  ELECTRONICS which gene ra t e s  a + 3V output  

when the capac i to r  bank is n o t  charged, causing t h e  CHARGED l i g h t  on t h e  

con t ro l  panel  t o  be deenergized. The inve r se  of t h i s  ou tpu t ,  t oge the r  w i t h  

a level dependent on t h e  HV s ta te  of t h e  mating supply ( i f  used),  is  used t o  

i n h i b i t  t r i g g e r i n g  of load  switch.  I n  a d d i t i o n ,  t h e  c i r c u i t  w i l l  t r i g g e r  

an  SCR, 414, i f  a load  swi t ch  t r i g g e r  occurs  w i t h  t h e  capac i to r  bank charged 

and t h e r e  is  no load c u r r e n t - p u l s e  (T3) o r  . i f  there  is a-!load c u r r e n t  pudse 

wi thout  a preceding load  swi tch  t r i g g e r  (3f ) .  

a misfire counter  and t h e  43 misfire l i g h t  (Q3M). 

, .,-< 7 

Q14 then  momentarily energ izes  

4. Operating I n s t r u c t i o n s  

4.1 Input  Power 

Each PBLW Supply r e q u i r e s  a 24 V dc source  usua l ly  suppl ied  from, and fused 

a t ,  t h e  app l i cab le  DATACOM cab ine t  and 115 Vac, l e p  power from a breaker  box 

i n  t h e  house. The 115 Vac is fused i n  t h e  c o n t r o l  panel  assembly. Both of 

t h e s e  sources  are r equ i r ed  f o r  i n d i c a t o r  l i g h t  ope ra t ion  o r  f o r  any c o n t r o l  

opera t ion .  Also,  t h e  a p p l i c a b l e  460 V, 3ep fused disconnect  swi tch  a t  t h e  

w a l l  must be ON i n  o rde r  t o  charge t h e  capac i to r  bank. 

4.2 RENOTE Operat ion 

To ope ra t e  t h e  supply remotely v ia  DATACOM from t h e  Main Control  Room, 

t h e  LOCAL/REMOTE swi t ch  and t h e  INT/REM re fe rence  swi tch  must be i n  t h e  REMOTE 

pos i t i on .  The appropr i a t e  address  i s  en tered  i n t o  t h e  DATACOM system and t h e  

r equ i r ed  r e fe rence  level i s  set  i n .  When t h e  STANDBY command is  s e n t ,  t h e r e  

should be a READY response.  

command and, un less  t h e r e  i s  a mating supply which is  no t  ON, t h e r e  should 

be a magnitude readback from the  load  cu r ren t  peak d e t e c t o r  (2.0 counts /ampk 2%). 

There should then  be an ON response t o  a dc  ON 

. __ __  - _ _  __  - 
0 
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The s u p p l y - c a i  - .  be  operated e i t h e r  - via  t h e  manual DATACOM panel o r  

via t h e  PDP-10 "page 8" program. 

4.3 LOCAL Operat ion 

0 

To ope ra t e  t h e  supply l o c a l l y ,  t h e  LOCAL/REMOTE swi tch  i s  put  i n  t h e  

LOCAL p o s i t i o n  w i t h  t h e  REF swi tch  i n  e i t h e r  t h e  REM o r  INT p o s i t i o n .  

t h e  STANDBY/RESET swi tch  i s  depressed t h e  READY l i g h t  should l i g h t  and meters 

w i l l  i n d i c a t e  the  l i n e  vo l t age  and t h e  r e fe rence  level.  Depressing the ON 

swi tch  w i l l  then c l o s e  t h e  460 V con tac to r  and t h e  CHARGED l i g h t  should come 

on i n d i c a t i n g  t h a t  t h e  bank i s  charged. 

Af t e r  

A meter i n d i c a t i o n  of t h e  c u r r e n t  

and vo l t age  of each phase of t h e  460 V ac inpu t  is a l s o  a v a i l a b l e .  

t h e r e  i s  a mating supply which is no t  ON, i npu t  t r i g g e r s  app l i ed  t o  t h e  rear 

of t h e  CONTROL ELECTRONICS bucket w i l l  then cause f i r i n g  of t h e  load swi tch  

genera t ing  cu r ren t  pu lses  and recovery-recharge cyc l ing .  This  i s  ind ica t ed  

on t h e  Control  Panel by t h e  b l ink ing  of t he  CHARGED l i g h t ,  t h e  d i p  of t h e  

CAP VOLTS X 100 meter i n d i c a t i o n  and t h e  pu l s ing  of t h e  LINE CURRENT meter. 

These i n d i c a t i o n s  can a l s o  be viewed when t h e  system is  operated remotely.  

Unless 

Depressing t h e  STANDBY/RESET swi tch  w i l l  put  t h e  supply i n  a ready s ta te  

and d ischarge  t h e  cap,acitor bank. Depressing t h e  OFF swi tch ,  of -course,  t u r n s  

o f f  every th ing .  

4.4 F a u l t  Conditions 

The supply w i l l  be  t r i p p e d  o f f  by any one of n ine  undesired condi t ions  

which are ind ica t ed  on t h e  f r o n t  of the CONTROL PANEL. I f  t h e  f a u l t  condi t ion  

is  c l ea red  t h e  supply can be reset t o  a READY s t a t e  by sending a RESET command 

via DATACOM when ope ra t ing  i n  t h a t  mode, o r  by depress ing  t h e  STANDBY/RESET 

swi tch  when ope ra t ing  l o c a l l y .  

under which a given t r i p  w i l l  occur and t o  t h e  app l i cab le  schematic(s)  of 

Table 111 can a i d  i n  the c l e a r i n g  of f a u l t  condi t ions .  

Reference t o  3.4.b. which d e t a i l s  t h e  condi t ions  

4.5 Dual /Single  System Operat ion 

The FBLW Suppl ies  can be operated e i t h e r  s i n g l y  o r  i n  p a i r s .  

case of s i n g l e  system ope ra t ion ,  a supply is  connected t o  four  ser ies  backleg 

windings (BLW) t o  genera te  a %h o r b i t  pe r tu rba t ion  of t h e  proton beam. The 

connection i s  made a t  t h e  FBLW Interconnec t ion  Terminal Board near  t h e  supply 

w i t h  connecting buss f o r  t h a t  purpose. 

i nve r t ed  t o  connect e i t h e r  t h e  A o r  t h e  B supply t o  t h e  4 BLW load .  

cu r ren t  ob ta inab le  is then  roughly 1000A. 

I n  t h e  

See f i g u r e  2. This  hardware can be 

The peak 

The E s i g n a l  t o  t h e  G 3  BNC a t  t h e  
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rear of the Control  E l e c t r o n i c s  bucket must be disconnected and t h e  SINGLE/ 
COUPLED swi tch  a t  t h e  f r o n t  of t h e  bucket must be i n  t h e  SINGLE p o s i t i o n .  

A l t e r n a t e l y ,  one supply may be used t o  power t h e  two BLW which genera te  

the  i n i t i a l  f i e l d  d e f l e c t i o n  f o r  t h e  o r b i t  pe r tu rba t ion  and another  supply 

t o  power t h e  2 BLW which gene ra t e  t h e  o r b i t  r e s t o r i n g  f i e l d .  

t h e  ope ra to r  more f l e x i b i l i t y  i n  t h e  c o n t r o l  of t h e  o r b i t  pe r tu rba t ion  o r  

bump and g r e a t e r  range (1500 A,  max). The r equ i r ed  connect ion i s  made a t  

t h e  FBLW Interconnec t ion  Terminal Board w i t h  t h e  connect ing buss f o r  dual  

system opera t ion .  See f i g u r e  2. 

t r i g g e r i n g  when t h e  mating supply i s  n o t  ON, which can r e s u l t  i n  a l o s s  of 

t h e  beam, t h e  E s i g n a l  from t h e  mating supply must be connected t o  t h e  G3 

BNC a t  t h e  rear of t h e  E lec t ron ic s  bucket of bo th  systems. See Dll-E276-3 

In te rconnec t ion  Diagram. The SINGLE/COUPLED swi tch  ( S l l )  may be l e f t  i n  

the  SINGLE p o s i t i o n  al lowing independent adjustment of each supply.  

s i n g l e  amplitude adjustment  of bo th  s u p p l i e s  w i t h  a balance adjustment  

between them as descr ibed  i n  paragraph 3 .3  i s  d e s i r e d ,  t h e  supp l i e s  must be 

set up as ou t l ined  i n  t h a t  s e c t i o n .  

This  g ives  

I n  order  t o  prevent  one supply from 

I f  a 

5. Troubleshoot ing 

I n  gene ra l ,  t h e  c i r c u i t r y  is  s t ra ighforward ,  s impl i fy ing  t h e  problem 
e 

of l o c a l i z i n g  f a u l t y  components. 

i n  paragraph 3 and t o  t h e  appropr i a t e  schematics  i n  order  t o  ga in  some i n s i g h t  

i n t o  t h e  c i r c u i t  opera t ion .  

s t o r e d  i n  a cab ine t  i n  t h e  H-10 porta-kamp. 

Refer  t o  t h e  a p p l i c a b l e  c i r c u i t  d e s c r i p t i o n  

Replacement p a r t s  which are  no t  s tock  items are 

An osc i l l o scope  and mult imeter  are r equ i r ed  t o  l o c a l i z e  most f a u l t s .  

However, some of t h e  c i r c u i t s ,  because of t h e i r  feedback n a t u r e  o r  o the r  

p e c u l i a r i t i e s  can be d i f f i c u l t  t o  t roubleshoot .  

given t r o u b l e  are t h e  following: 

Some of those  which have 

5.1 Constant Current Supply 

0 

I f  t h e  cu r ren t  supply output  v o l t a g e  does n o t  r i s e  t o  charge t h e  bank 

t o  t h e  r equ i r ed  level al though equal  input  phase vo l t ages  are  observed on 

t h e  inpu t  vo l t age  meter i n d i c a t i n g  input  swi tch  c losu re  and no blown f u s e s ,  

t h e  problem may be due t o  a s h o r t  on t h e  cu r ren t  supply output ,  a f a i l e d  

r ec t i f i e r ,  o r  a f a i l u r e  i n  t h e  resonant  i npu t  c i r c u i t .  

supply output ,  v I f  t h e  v o l t a g e  rises 

t o  lOOV - 150V i n  20 msec then  decays t o  a low va lue ,  a r e c t i f i e r  diode is  

shor ted .  I f  t h e  v o l t a g e  does no t  r i se  above 1 - 2V, disconnect  t h e  cables  

Monitor t h e  cu r ren t  

syncing t h e  scope on t h a t  s i g n a l .  
0’ 



. .  
-12- 

t o  t h e  load  a t  TBG-1,Z and r e p l a c e  t h e  load w i t h  a 100 mV, 100 A shunt .  

the shunt  cu r ren t  i s  normal (65 - 70 Adc), look f o r  a s h o r t  c i r c u i t  i n  t h e  

Capacitor-Switch Assembly. 

a f a u l t y  component i n  t h e  Constant Current Supply. 

resonant  network can be checked as ind ica t ed  i n  paragraph 3.2. 

5.2 Operat ional  Amplif iers  

I f  

I f  t h e  shunt  cu r ren t  i s  n o t  normal, look f o r  

Voltages i n  t h e  primary 

A number of LiA741 ope ra t iona l  a m p l i f i e r s  (op amps) are used i n  t h e  

Regulator and Current Monitor c i r c u i t s .  

by t h e  inpu t  and feedback r e s i s t o r s  i s  no t  proper ,  t h e  op amp should be 

rep laced .  I f  t h e r e  i s  no change i n  response,  t h e  vo l t ages  a t  t h e  a m p l i f i e r  

te rmina ls  (not a t  connector te rmina ls )  should be checked w i t h  a DVM o r  o the r  

h igh  Z i npu t  device.  Check t h e  power supply vo l t ages  and v e r i f y  t h a t  t h e  

vo l t ages  from t h e  o f f s e t  n u l l  po ten t iometer ,  i f  used, a r e  a d j u s t a b l e  w i t h i n  

I f  an  a m p l i f i e r  ga in  a s  determined 

reasonable  l i m i t s .  I f  t h e s e  are proper ,  t h e  problem is  usua l ly  found i n  t h e  

connection t o ,  o r  t h e  f a i l u r e  o f ,  t he  inpu t  o r  feedback r e s i s t o r s .  

5.3 Stop Charge Loop 

The supply con t inua l ly  goes i n t o  a dc  overvol tage s t a t e  (O'V-S) a t  

turn-on i f  t h e r e  has  been a f a i l u r e  of some component i n  t h e  s t o p  charge 

loop. Moni,tor t h e  capac i to r  vo l t age  and t h e  r e fe rence  v o l t a g e  on t h e  f r o n t  

panel meter proved (M3). The r e fe rence  vol tage,whether  l o c a l l y  o r  remotely 

gene ra t ed , i s  i nd ica t ed  on M3 i n  the  REF p o s i t i o n  when t h e  supply i s  no t  i n  

t h e  OFF s ta te .  I f  t h i s  v o l t a g e  i s  no t  proper o r  does no t  respond normally,  

A31, A 3 3  and t h e  connections i n  t h a t  p a r t  of t h e  loop should be checked. 

I n  t h e  CAP VOLTS XlOO p o s i t i o n ,  t h e  capac i to r  vo l t age  ind ica t ed  on M3 

should be ze ro  when t h e  supply i s  i n  t h e  READY s t a t e  and r i se  when t h e  supply 

i s  put  i n t o  t h e  dc ON state. I f  t h e  capac i to r  vo l t age  does no t  respond i n  

tha t .  manner, A33, t h e  d i v i d e r ,  and connections i n  t h a t  p a r t  of t h e  loop should 

be  checked. 

I f  those  p a r t s  of t h e  loop are  ope ra t ing  normally,  sync a scope on the  

vo l t age  a t  t he  Vo t es t  po in t  of t h e  cu r ren t  monitor card and monitor t h e  s t o p  

charge t r i g g e r  (QlT) on t h e  t r i g g e r  card ,  a L5V, 60 usec pu l se  which should 

occur w i t h i n  120 msec a f t e r  t h e  V t r i g g e r .  I f  Q1T does no t  occur ,  check A35, 

442, 438, t h e  components and t h e  connections i n  t h a t  p a r t  of t h e  loop. I f  

Q1T does occur ,  monitor t h e  t r i g g e r  d i r e c t l y  a t  t h e  g a t e  of t he  s t o p  charge 

SCR, Q 1  on t h e  hea t  s i n k  behind t h e  lower panel  of t he  cons tan t  cu r ren t  supply.  

0 
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A t  t h i s  point the t r igger  amplitude is  2V, occurring before the much la rger  

O'V-S t rans ien t  occurs a t  150 - 170 msec a f t e r  the V t r igger .  I f  the t r igger  

is  not present there ,  the problem could be due t o  a short  a t  the gate of Q1 
or  a f a u l t  i n  the cable t o  it. I f  the t r igger  is  present there ,  there must  

be an opening i n  the path through Q 1  and L5 from the junction of QZ and L1  

t o  the 10 of the r e c t i f i e r  output or i n  the gate of Q 1  i t s e l f .  

0 

5.4 Peak Current Detector 

I f  the load current s ignal  (i,) is  present but the peak detector does 

not function e i the r  A40, A42 or 431 i s  usually fau l ty .  

not cause the c i r c u i t  t o  operate properly, remove A40, t o  break the feedback 

loop and check the voltages a t  A42. 

below - + 2 mVdc independent of the s e t t i n g  of the o f f se t  ad jus t ,  R48, remove 

431 and check fo r  a drain t o  source short .  I f  the A40 output i s  la rger  than 

- f 2 mVdc and cannot be adjusted t o  zero by R48 and the power supply voltages 

t o  i t  a re  proper A42 should be replaced. 

or the components of A40 must be fau l ty .  

I f  replacing A40 does 

I f  the voltage across 431, D t o  S ,  remains 

I f  A42 and 431 a re  okay, the connections 
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